A 62-year-old man presented with a very rare cerebral aneurysm arising from the trunk of the persistent primitive trigeminal artery (PPTA) manifesting as subarachnoid hemorrhage. Angiography showed a saccular aneurysm at the curved mid-section of the trunk of the left PPTA of the adult type. The patient underwent surgery via the left subtemporal approach, and the aneurysm was successfully eliminated by clipping without sequelae. Aneurysm formation at this point was probably due to hemodynamic stress. The perforating arteries from the PPTA may be important in supply of the hindbrain, so PPTA patency should be preserved if possible.
Introduction
Persistent primitive trigeminal artery (PPTA) is the most common primitive carotid-basilar artery anastomosis with an incidence of approximately 0.2%. 1) Recently, the incidence of intracranial aneurysms in patients with PPTA has been estimated as approximately 3%, quite similar to that in the general population of about 3.7%. 4) Aneurysms of the PPTA or at the junction of the PPTA and the internal carotid or basilar artery are rare, and aneurysms arising from the trunk of the PPTA are very rare. Aneurysms in patients with PPTA commonly arise from the circle of Willis. Only 11 cases of aneurysms on the trunk of the PPTA, mostly saccular, have been reported. 3, 5, 6, [8] [9] [10] [11] 13, 17, 18) Seven patients presented with subarachnoid hemorrhage (SAH), including three patients with multiple aneurysms.
We report a case of ruptured PPTA aneurysm at the curved mid-section of its trunk which was surgically eliminated.
Case Report
A 62-year-old man suffered SAH but developed no neurological deficits. Computed tomography showed SAH dominant on the left side of the prepontine cistern (Fig. 1) . Left carotid angiography revealed a saccular aneurysm at the curved midsection of the trunk of the left PPTA. The basilar artery distal to the branching of the anterior inferior cerebellar artery was well opacified through the PPTA ( Fig. 2A) . Aneurysms of the left internal carotid-anterior choroidal artery and anterior communicating artery were also visualized. Left vertebral angiography showed narrowing of the basilar artery proximal to the junction of the PPTA (Fig. 2B) . The right posterior communicating artery was the fetal type, and the A 1 segment of the right anterior cerebral artery was hypoplastic. These findings suggested that the SAH was due to rupture of the PPTA trunk aneurysm.
The patient underwent surgery on the day of admission via a left subtemporal approach. The posterior part of the tentorium was cut and divided to reach the aneurysm. The left superior cerebellar Surgery of Trigeminal Artery Trunk Aneurysm artery was followed proximally to identify the PPTA. This artery gave rise to a perforating branch to the brain stem (Fig. 3A) . Further dissection disclosed a saccular aneurysm at the curved midsection of the PPTA. The aneurysm was successfully clipped and the rupture point was ascertained (Fig. 3B) . All other aneurysms were also treated via a left pterional approach, including an aneurysm on the left internal carotid-posterior communicating artery, which was not opacified on the preoperative angiogram. His postoperative course was uneventful and follow-up angiography 5 weeks later disclosed complete elimination of the aneurysms with preserved patency of the PPTA (Fig. 4) .
Discussion
Various etiologies for aneurysms arising from the PPTA have been suggested, including dysplasia of the wall of the PPTA, and hemodynamic stress on the PPTA. [8] [9] [10] Autopsy specimens of PPTA have shown atherosclerotic changes of the arterial wall, more in the proximal than the distal portion to the aneurysm, but histological studies have revealed no evidence of developmental pathological anomalies in the wall of the PPTA. 9) We speculate that the specific hemodynamics of the PPTA, which directly branches and receives significant blood flow from the internal carotid artery, may induce the formation of aneurysms. The site of the aneurysm in our case was the curved trunk of the PPTA, as found in most other reported aneurysms of the PPTA trunk. 3, 5, 6, [8] [9] [10] [11] 13, 17, 18) Such characteristic anatomical findings of the aneurysms strongly suggest that high hemodynamic stress initiated aneurysm formation. However, whether small branching arteries from the PPTA at the site of the aneurysm were involved, and any congenital predisposition of the artery walls cannot be excluded because of the multiple aneurysms around the circle of Willis in this case. Only two aneurysms of the trunk of the PPTA have previously been directly treated, one by direct surgical clipping and one by endovascular treatment. 11, 13) Direct surgical clipping of a fusiform-type aneurysm of the PPTA eliminated the aneurysm by angiography but also occluded the PPTA, although the patient tolerated this well. 13) Endovascular treatment had to obliterate the origin of the PPTA together with the aneurysm because of PPTA tortuosity, and the patient's clinical course was unremarkable. 11) The clinical significance of perforating arteries from the PPTA has not been discussed in reports of the treatment of the PPTA aneurysms. Anatomically, the PPTA can be classified into two variations according to the relationship with the abducens nerve; i.e. the lateral petrosal and medial sphenoid variations. 15, 16) The lateral petrosal variation gives rise to perforating branches to the pons. 14, 15) Autopsy reports of adult cases of PPTA have described two arterial branches originating from the cisternal portion of the PPTA, an artery supplying the trigeminal nerve root and a perforating artery to the pons, and a branch sending a perforating artery directly into the pons, as well as no finding of perforating arteries. 9, [14] [15] [16] The pontine branches are very probably functioning vessels in the brain stem and occlusion of the PPTA may cause ischemic lesions in the brain stem. 14) The two types of PPTA should be considered before sacrifice of the PPTA: the adult-type PPTA (posterior circulation independent of the PPTA), and the fetal type (posterior circulation dependent on the PPTA). 2) Although pontine branches from the trunk of the PPTA were usually found in the brains of 4-, 6-, and 8-month-old fetuses, these arteries are usually occluded before birth. 12) In our case, the PPTA was of the adult type. During surgery, we were not sure whether the perforating artery from the PPTA was clinically significant, so we tried to preserve the patency of the PPTA to prevent ischemic lesions in the brain stem. Although the clinical importance of preserving such arteries remains unsolved, the blood supply of the hindbrain may be maintained via another possible collateral route, such as the posterior communicating artery in the case of adulttype PPTA. 7) In such cases, the perforating arteries from the PPTA may be sacrificed without sequelae.
The present case of a ruptured saccular aneurysm at the curved mid-section of the trunk of the PPTA is very rare, and was successfully treated by direct surgical clipping. Hemodynamic stress delivered directly from the carotid artery may have accelerated the formation of this aneurysm, but congenital disposition could not be eliminated since this patient also had multiple aneurysms around the circle of Willis.
